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Abstract

In this paper we present a family of parallel iterations of order m + 2 with
parameter m = 0,1:-- for simultaneous finding all zeros of a polynomial with-
out evaluation of derivatives, which includes the well known Weierstrass-Durand-
Dochev-Kerner and Borsch-Supan-Nourein iterations as the special cases for m = 0
and m = 1, respectively. Some numerical examples are given.
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1. Introduction

Let
n . n
fO) = at"" =J[t-&), a=1 (1)
=0 j=1
be a monic complex polynomial of degree n with zeros &1, ---,&,. Some authors have

studied the parallel iterations without evaluation of derivatives for simultaneous finding
all zeros of f(t) (see [1]-[10]). The famous one is Weierstrass-Durand-Dochev-Kerner
iteration

bt =gk b =12, n, k=0,1,---, (2)

where z¥ is the k-th approximation of &(1 <4 < n) and

b= ——"2 i =1.n, k=01, (3)
J#
which does not require any information of derivatives and was presented independently

by Weierstrassl”), Durand!?, Dochev[3 and Kernerl*. It is well known that the conver-
gence of (2) is quadratic if & # §; for ¢ # j. Another one is

k+1 _ ok Y _ —
Ty =T - k ) t=12,---n, k=0,1,---
Y

, (4)
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which was derived by Borsch-Supan!l, later, by Noureinl® | and the convergence is cubic
iffi 755] fOI"i;féj.

In this paper we present a family of parallel iterations of order m + 2 with pa-
rameter m = 0,1---, which includes Weierstrass-Durand-Dochev-Kerner iteration (2)
and Borsch-Supan-Nourein iteration (4) as the special cases for m = 0 and m = 1,
respectively. Some numerical examples are given in section 4.

2. Construction of the Iterations

For purposes of brevity, all formulas, sums and products (such as in (2), (3) and
(4) above) involving indices i, 7 and v will assume the range 1,2,---,n and the itera-
tive index k = 0,1, ---, unless explicit stated otherwise. Naturally, we always regard
7
Z( -+) = 0 for u < v. Moreover, we simply write z;,u;,--- for 2, u¥ --- and 2] for
I=v
)

To construct the family of the iterations we first give the following

Proposition. Let z1,z9, -+, 2z, & {&1,&2,- -+, &n} be distinct. Define

.

L )
H($J_$V)
vE£j

(0; = z; — &
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Sil: 7Jal:1327"'3
;(mi_%’)l

m
Tim = Zsildﬁ_la m:(),l,---,
=1

s
R' — 5m J 7’)’]’)/20717...
- ' Jz;é:l (s — )™ (& — z5)
Then for all m = 0,1,--- the fized point relation
U
i=v;i—0j=2i— —————, m=20,1,--- 7
gl (3 13 13 1+1—yzm+Rzm ( )

holds.
proof. Using Lagrange interpolation, we have

F) = —2— 4+ D]t - ). (8)

t— €
Substituting t = & & {z1,---,x,} into (8) and observing f(&;) = 0, we obtain
R = =} 9)
51 — I i 51 — T
i
i=mi—bi=——— (10)
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